( 12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

lnlernational Bureau 

(43) International Publication Date 
21 February 2002 (21.02.2002) 




PCT 



(10) International Publication Number 

WO 02/14793 A3 



(51) International Patent Classification 7 : GOID 1/18. 

A61B 5/00. G01N 21/17 

(21) International Application Number: PCT/US0 1/25 109 

(22) lnlernational Filing Date: 9 Augusi 2001 (09.08.2001 ) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/225.021 



1 1 August 2000 ( I 1 .08.2000) US 



(71) Applicant (for all designated States except L IS) : EL EKON 
INDUSTRIES, INC. [US/US]; 3848 Del Amo Boulevard. 
Suite 304. Torrance. CA 90503 (US). 

(72) Inventor; and 

(75) Inventor/Applicant {for US only): DIETIKER, Thomas 

[US/US]: 3848 Del Amo Boulevard. Torrance. CA 90503 
(US). 



(74) Agents: RU BIO-CAMPOS, Francisco, A. et al.: Sonnen- 
schein Nath & Rosenthal. P.O. Box 061080. Wacker Drive 
Station. Sears Tower, Chicago. IL 60606-1080 (US). 

(81) Designated States (national): AE. AG. AL. AM. AT. AU. 
AZ. BA. BB. BC. BR. BY. BZ. CA. CH. CN. CO. CR. CU. 
CZ. DE. DK. DM. DZ. EC. EE. ES. Fl, GB. GD. GE. GH. 
CM. HR. HU. ID, IL, IN. IS. J P. KE. KG. KP. KR. KZ. LC, 
LK. LR. LS. LT. LU. LV. MA, MI), MG. MK, MN. MW. 
MX. MZ. NO. NZ. PL. PT, RO. RU. SD. SE. SG. SL SK. 
SL. TJ. TM. TR. TT. TZ. UA. UG. US. UZ. VN, YU. ZA. 
ZW. 

(84) Designated States (regional): AR1PO patent (GH. GM. 
KE. LS. MW. MZ, SD, SL, SZ. TZ. UG. ZW). Eurasian 
patent (AM, AZ. BY. KG. KZ. MD, RU. TJ. TM ). European 
patent (AT. BE. CH. CY. DE. DK. ES. Fl. FR. GB. GR. IE. 
IT. LU. MC. NL. PT, SE. TR). OAPI patent (BF, BJ. CF. 
CG. CL CM, GA, GN, GQ. GW. ML, MR. NE. SN. TD. 
TG). 

Published: 

— with international search report 

[Continued on next page] 



(54) Title: SYSTEM AND METHOD FOR A SELF-CALIBRATING NON-INVASIVE SENSOR 



< 
ON 



LUT 
1 10 



120 





SOFTWARE 
10S 



CALIBRATION 
CIRCUIT 

104 



1 16 



j\ 



SELF-CALIBRATING SENSOR SYSTEM (SCSS) 100 



(57) Abstract: A non-invasive emilier-phoiodiode sensor which is able to provide a data-stream corresponding to the actual wave- 
length ol" light emitted thereby allowing calibration of the sensor signal processing equipment and resulting in accurate measurements 
over a wider variation in emitter wavelength ramies. 



BNSDOCID: <WO 0214793A3_I_> 



WO 02/14793 A3 



— before the expiration of the time limit for amending the For two-letter codes and other abbreviations, refer to the "Gu id- 
claims and to be republished in the event of receipt of unco Notes on Codes and Abbreviations" appearing at the begin- 
amendmenis ning of each regular issue of the PCT Gazette. 



(88) Date of publication of the international search report: 

2 May 2002 



v^tdttv <wo 



0214793A3 I > 



IN 1RNATIONAL SEARCH REPORT 



Intt .jonai Application No 

PCT/US 01/25109 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01D1/18 A61B5/00 



G01N21/17 



According to International Patenl Classified ion (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G01D A61B G01N 



Documentation searched other than m. mm urn documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name ot data base and. where practical, search terms used) 

WPI Data, EPO-Internal , PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 



Citation ot document, with indication, where appropriate, ot the relevant passages 



Relevant to ctaim No. 



US 5 823 950 A (LEPPER JR JAMES M ET AL) 
20 October 1998 (1998-10-20) 

column 11, line 6 - line 55; figure 7 



EP 0 992 214 A (NELLC0R PURITAN BENNETT 
INC) 12 April 2000 (2000-04-12) 
column 8, line 57 -column 9, line 32; 
figure 27 



EP 0 945 100 A (ISS USA INC) 
29 September 1999 (1999-09-29) 
page 4, line 12 - 1 ine 46 



-/- 



1,2,4, 
13-15, 
17,26-28 

3,5,16, 

29-32, 

34-38 

3,16,34 



8,21,22 

5,29-32, 
35-38 



m 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the an which is not 
considered to be ot particular relevance 
earlier document but published on or after the international 
filing date 

"L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified! 

•O' document referring to an oral disclosure, use. exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



■T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•V document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member ot the same patent family 



Date ot the actual completion of the inlernational search 



12 February 2002 



Date ol mailing ol the international search report 

27/02/2002 



Name and mailing address ot the ISA 

European Patent Office. P.B. 5318 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Lut, K 



Form PCT/iSA/210 (second sheet) (Jury 1992) 
3NSDOCID: <WO 0214793A3_I_> 



page 1 of 2 



IK •RNATIONAL SEARCH REPORT 



Inte. ^ional Application No 

PCT/US 01/25109 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 



Citation of document, with indication. wnere appropriate, of the relevant passages 



Relevant to claim No. 



1 



EP 0 898 932 A (ELECTRODE COMPANY LIMITED) 

3 March 1999 (1999-03-03) 

column 4, line 48 -column 6, line 51 

US 4 942 877 A (SAKAI TAKAO ET AL) 

24 July 1990 (1990-07-24) 

column 3, line 29 - line 31; figure 1 

US 4 770 179 A (NEW JR WILLAIM ET AL) 
13 September 1988 (1988-09-13) 
column 6, line 30 - line 33 



6,19 



10,23, 
33,39 



11,24 



Form PCT/1SA/210 (continuation ol second sheet ) (July 1992) 
JSDOCID: <WO 0214793A3J_> 



page 2 of 2 



IN RNATIONAL SEARCH REPORT 

Information on patent family members 



Inter.. —ional Application No 

PCT/US 01/25109 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


US 5823950 


A 


20-10-1998 


Uo 


£7RftA44 A 
D/DOOhh n 


' 02-06-1998 




AU 




Cm. X X w 1 Z< -v ~* 






A 1 1 

AU 


7n/l**QO R9 


29-04-1999 






A 1 t 

AU 


£0771 OA A 


30-12-1996 






LA 


9991 AAf\ A1 


19-12-1996 






CN 


1192271 A 


02-09-1998 






EP 


1136812 Al 


26-09-2001 






CP 

t r 


nfi^ 0 421 AT 


01-04-1998 






1 D 

Jr 


1 1 CHAQO/1 T 


■j £-06-1 QQ9 

1 3 UU X 77 7 






US 


r Al 1 QQ£ A 

ouiiyoo m 


04-01-2000 

UH Ul L.UUU 






WO 


QAyl 1 1 A 1 


1 Q_1 9-1 QQA 

1 7 1 £ X 7 7 w 






US 


^UUIU^UI^O Ml 


Ofi-OQ— 2001 

UO U7 LUUl 


— — 
EP 0992214 


A 


12-04-2000 


us 


c A 91 "590 A 


Ofi-Ofi-1 QQ5 

UU UU 1j"J 




r d 

LP 


HQ0991 4 A 9 


1 2-04-2000 

1l U*t t.UUU 






AT 


lyouoo i 


i £-0ft-2000 

13 UO L-Uuu 






A 1 1 

AU 


/UoyoH d£ 


m-0fi-1 QQQ 

UO UU 1777 






A 1 1 

AU 


o9ocnoc A 
££ouUy:> A 


ovi 0-1 QQR 

£ O 1 U X 7 7 O 






D D 

dK 


ocn79A£ A 
yDU/cOD M 


07-1 0-1 QQ7 

U / 1U X 7 7 / 






f* A 

CA 


£xOO££o Ml 


i 9_i 0-1QQ5 

11 X w 






CN 


1 1 /1Q7Q4 A 


on-04-1 QQ7 






DE 


£QC1 Q9*3C HI 

oybio^-jD ui 


07-OQ-2000 

U/ U7 tUUU 






r\r 
DL 


oyb ioc. jo > ^ 


01-0^-2001 

U 1 ww C wU X 






DK 


/d4UU/ i o 


0-2000 

£0 lw £.www 






EP 


U/b4UU/ Ml 


99_ni -1 QQ7 

££ U 1 17 7/ 






ES 


Ol yiQCAQ TO. 

^i4obuy 1 O 


i £-1 0-2000 

ID 1U luUU 






T- T 

FI 




£0 1 1 






GR 


ono^7l1 TO 

oUo4/li lo 


oi n i -2001 

Ol Ul LuUi 






JP 


10500323 T 


13-01-1998 






NO 


964143 A 


29-11-1996 






M7 




24-11-1997 






PT 


/b4UU/ 1 


oo-1 1 -2000 

JU 1 1 LUU U 






US 


6272363 Bl 


07-08-2001 






WO 


9526676 Al 


12-10-1995 








£7^99^7 A 
DfOCCoi M 


21-07-1998 


EP 0945100 


A 


29-09-1999 


us 


6078833 A 


20-06-2000 




EP 


0945100 Al 


29-09-1999 






JP 


11344442 A 


14-12-1999 


EP 0898932 


A 


03-03-1999 


EP 


nonon o o a 1 

uo9oyo£ Al 


n^-O^-1 QQQ 

UO UO 11777 




US 


6133994 A 


1 7-1 0-2000 

1 / 1 U £wUU 


US 4942877 


A 


24-07-1990 


JP 


Oouubo4b A 


94-D^-l QRR 

C.*r U O X 700 


US 4770179 


A 


13-09-1988 


1 1 c* 

US 


A ~7 (\f\~7 C\Q A 

4/UU/uo A 


20-1 0-1 QR7 

L.U 1 U 1 70 / 




AT 


C 1 1 O A T 

bllo4 1 


i £-04-1 QQ0 

1 O UH 1 77U 






A T 

AT 


070^0 T 


1 £-04-1 QQ3 

J, J WT 17 J J 






DE 


oooIohh Ul 


2R-04-1 QQ0 

UH X77w 






DE 


oooZO/h Ul 


1 o-HR-1 QQ3 

XO UO X77w 






DE 


O O OOC7 ^ T 9 
00O£0/h 1 £ 


OA-07-1 QQ3 

UO U/ X770 






EP 


0104772 A2 


04-04-1984 






rp 

Lr 




23-08-1989 






HK 


161195 A 


20-10-1995 






JP 


1831256 C 


15-03-1994 






JP 


4250140 A 


07-09-1992 






JP 


5047208 B 


16-07-1993 






JP 


1790905 C 


29-09-1993 



Form PCT/ISA/210 (patent family annex) (July 1992) 
BNSDOCID: <WO 0214793A3J_> 



page 1 of 2 



IN' RNATIONAL SEARCH REPORT 

Information on patent family members 



Inter. _.»onal Application No 

PCT/US 01/25109 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 4770179 



JP 
JP 
US 



3055129 B 
59064031 A 
4621643 A 



22-08-1991 
11-04-1984 
11-11-1986 



Form PCT/ISA/210 (patent family annex) (July 1992) 



page 2 of 2 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
21 February 2002 (21.02.2002) 




PCT 



(10) International Publication Number 

WO 02/14793 A2 



(51) International Patent Classification 7 : G01D 5/00 

(21) International Application Number: PCT/USO 1/25 109 

(22) International Filing Date: 9 August 2001 (09.08.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/225,021 



1 1 August 2000 (1 1 .08.2000) US 



(71) Applicant (for all designated Stales except US): ELEKON 
INDUSTRIES, INC. [US/US]; 3848 Del Amo Boulevard, 
Suite 304, Torrance, CA 90503 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): DIET1KER, Thomas 

[US/US]; 3848 Del Amo Boulevard, Torrance, CA 90503 
(US). 



(74) Agents: RUBIO-CAMPOS, Francisco, A. et al.; Sonnen- 
schein Nath & Rosenthal, P.O. Box 061080, Wacker Drive 
Station, Sears Tower, Chicago, IL 60606-1080 (US ). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 



[ Continued on next page ] 



(54) Title: SYSTEM AND METHOD FOR A SELF-CALIBRATING NON-INVASIVE SENSOR 



< 

m 

ON 

is 

o 




PROBE 
102 



116 



SELF-CALIBRATING SENSOR SYSTEM (SCSS) 100 



(57) Abstract: A non-invasive emitter-photodiode sensor which is able to provide a data-stream corresponding to the actual wave- 
length of light emitted thereby allowing calibration of the sensor signal processing equipment and resulting in accurate measurements 
over a wider variation in emitter wavelength ranges. 



_0214793A2_I_> 



WO 02/14793 A2 



Published: For two-letter codes and other abbreviations, refer to the "Guid- 

— without international search report and to be republished ance Notes on Codes and Abbreviations" appearing at the begin- 
upon receipt of that report ning of each regular issue of the PCT Gazette. 



NSDOCID: <WO 0214793A2J_> 



WO 02/14793 



PCT/US01/25J09 



SYSTEM AND METHOD FOR A SELF-CALIBRATING NON-INVASIVE SENSOR 



Cross-reference To Related Applications 
This application claims the benefit of Provisional Patent Application Serial No. 
60/225,021 filed on August 11, 2000 and entitled SELF CALIBRATING NON-INVASIVE 
BLOOD COMPONENT SENSOR. 

Background Of The Invention 

1. Technical Field. 

This invention relates generally to non-invasive sensing devices, and in particularly 
to calibrating these non-invasive sensing devices. 

2. Related Art. 

Coherent light sources are utilized in a broad range of applications in many distinct 
fields of technology including the consumer, industrial, medical, defense and scientific 
fields. In the medical field an emitter-receiver pair of coherent light sources in form of 
light-emitting diodes (LEDs) are often utilized in medical sensing devices to obtain accurate 
non-invasive measurements. An example application of such a medical sensing device may 
include a blood constituent monitoring system and/or a non-invasive oximeter that may be 
utilized to monitor arterial oxygen saturation. 

In non-invasive oximetry, coherent light having a known specific wavelength is 
typically transmitted from an emitter LED through a target, such as biological tissue 
carrying blood, to a photodetector. The photodetector receives and measures a portion of 
transmitted coherent light that is neither absorbed nor reflected from the blood in the 
biological tissue in order to determine the oxygen saturation (SP02) within the blood. 
Similarly, an example of an industrial application may include a non-invasive sensor system 
having a coherent light of a known specific wavelength transmitted from a coherent light 
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source (such as an LED emitter) through a target, such as a fluid or material, to 
photodetector. 

Unfortunately, these types of non-invasive sensor systems utilizing a coherent light 
source require accurate prior knowledge of the wavelength of the coherent light source in 
order to determine the amount of coherent light that is absorbed or reflected through the 
target. One way of having the prior knowledge of the wavelength is to select coherent light 
source emitters that have wavelengths within a certain range of tolerance. As such, attempts 
at determining the wavelength have included a binning process of selecting LEDs within the 
required nominal wavelength specifications. 

However, it is appreciated by those skilled in the art and familiar with the production 
of emitter-photodiode sensing devices that there is a need to be able to select from a wider 
variation of emitter output wavelengths in reducing the production costs and defect rates of 
the sensing devices. As an example, typical production techniques require selection of an 
emitter within 2 nm of a target wavelength, which may lead to rejection of 40-60% of the 
component emitters. Moreover, an additional problem is that a selected emitter, which was 
within the target wavelength at time of production, will typically degrade over time, vary 
with temperature, and the drive circuit may become unstable and cause a wavelength shift. 

Attempts to solve the wavelength shift problem have included systems that correlate 
the wavelength shift to a change in drive circuit current. The change in drive circuit current 
drives the LED to a specific wavelength. Typically, these systems include a scheme for 
determining the wavelength shift of the photodiodes via a series of filters, diffusers and a 
plurality of photodetectors. Unfortunately, this approach is too complex and expensive for 
practical manufacturing techniques. 

Therefore, there is a need for a non-invasive sensor system that is capable of 
measuring the wavelength of a light source without requiring prior knowledge of the 
wavelength of the light source and is not complex or expensive to manufacture. 

Summary 

This invention is a self-calibrating sensor system "SCSS" capable of determining the 
actual wavelength of light emitted from a light source resulting in accurate measurements 
over a wide variation of wavelength ranges. In an example operation, the SCSS is capable 
of receiving incident light radiation from the at least one light source at a sensor probe and 
producing a calibrated signal corresponding to the received incident light radiation at the 
sensor probe. 
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As an example implementation of the SCSS architecture, the SCSS may include a 
sensor probe receiving incident light radiation from at least one light source and a 
calibration circuit in signal communication with the sensor probe. The calibration circuit 
may produce a calibrated signal corresponding to the received incident light radiation at the 
sensor probe. The sensor probe may include a wavelength sensor. The wavelength sensor 
may include a first diode configured to receive short wavelengths from the incident light 
radiation and produce a first photocurrent signal and a second diode configured to receive 
long wavelengths from the incident light radiation and produce a second photocurrent 
signal. 



Brief Description Of The Figures 

The invention may be better understood with reference to the following figures. The 
components in the figures are not necessarily to scale, emphasis instead being placed upon 
clearly illustrating the principles of the invention. Moreover, in the figures, like reference 
numerals designate corresponding parts throughout the several views. 

FIG. 1 illustrates a block diagram of an example implementation of a self-calibrating 
sensor system (SCSS). 

FIG. 2 illustrates a block diagram of an example implementation of the probe block 
of the SCSS shown FIG. 1. 

FIG. 3 illustrates a cross-sectional view of an example implementation of the probe 
shown in FIG. 2. 

FIG. 4A illustrates a cross-sectional view of another example implementation of the 
probe shown in FIG. 2. 

FIG. 4B illustrates a cross-sectional view of example reflective implementation of 
the probe shown in FIG. 2. 

FIG. 5 is a top view of an example implementation of the probe shown in FIG. 4. 

FIG. 6 is a cross-sectional view of the probe implementation of FIG. 5. 

FIG. 7 illustrates an example implementation of the probe block shown in FIG. 2 
utilizing photodiodes. 

FIG. 8 illustrates a cross-sectional view of an example implementation of the 
wavelength sensor block shown in FIG. 7 utilizing a double diffusion photodiode. 

FIG. 9 is a graph of the response curve of the wavelength sensor shown in FIG. 8. 

FIG. 10 is schematic diagram depicting an exemplary implementation of the 
calibration circuit block shown in FIG. 1 . 
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FIG. 1 1 is schematic diagram depicting another exemplary implementation of the 
calibration circuit block shown in FIG. 1. 

FIG. 12 is a flow chart illustrating the process performed by the SCSS shown in 

FIG. 1. 



Detailed Description Of The Preferred Embodiment 
FIG. 1 illustrates a block diagram of a self-calibrating sensor system (SCSS) 100. 
The SCSS 100 may include a probe 102, a calibration circuit 104, a controller 106, software 
108 located on in memory (not shown) and optional lookup table ("LUT") 110. The probe 
102 is in signal communication, via signal path 112, to the calibration circuit 104. The 
calibration circuit 106 may be a divider and/or comparator circuit 

The calibration circuit 104 is in signal communication to the controller 106 and an 
external output device (not shown) via signal paths 114 and 116, respectively. The 
controller 106 is in signal communication to software 108 and optional LUT 1 10 via signal 
paths 118 and 120, respectively. 

The controller 106 may be any general-purpose processor such as an Intel XXX86, 
Motorola 68XXX or PowerPC, DEC Alpha or other equivalent processor. Alternatively, a 
specific circuit or oriented device may selectively be utilized as the controller 106. 
Additionally, the controller 106 may also be integrated into a signal semiconductor chip 
such as an Application Specific Integrated Chip (ASIC) or Reduced Instruction Set 
Computer (RISC), or may be implemented via a Digital Signal Processor (DSP) chip. 
Examples of a specific circuit or oriented device for the controller 106 may also be a mixed 
sionac ASIC. 

The software 108 may be resident in memory (not shown) located either internally 
or externally to the controller 106. The software 108 includes both logic enabling the 
controller 106 to operate and also logic for self-calibrating the SCSS 100. 

An example of the external output device may be an oximeter such as a NPB40 
manufactured by Nellcor of Pleasanton, California, a 9840 Series pulse oximeter 
manufactured by Nonin Medical, Inc. of Plymouth, Minnesota, or an equivalent device. 

FIG. 2 shows an example implementation of probe 102. Probe 102 may include a 
probe light source 200 and wavelength sensor 202. Probe light source 200 may include a 
first light source 204 and second light source 206. First light source 204 and second light 
source 206 may be implemented utilizing light-emitting diodes (LEDs). As an example 
implmentation in oximeter application, first light source 204 may be an LED emitting light 
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radiation at a wavelength of approximately 660nm and second light source 206 may be an 
LED emitting light radiation at a wavelength of approximately 880nm. Wavelength sensor 
202 may be implemented utilizing a double diffusion photodiode. It is appreciated by those 
of skill in the art that probe light source 200 may also include multiple light sources in the 
order of three or more. 

In FIG. 3, a cross-sectional view of an example implementation of the probe 300 is 
shown. In this example, probe 300 may be a medical device such as a transmissive blood 
oxygen saturation and pulse rate sensor. However, it would be appreciated by one skilled in 
the art that probe 300 may also be a reflective sensor. Additionally, probe 300 may also be 
utilized for measuring other blood constituents including, but not limited to, 
oxyhemoglobin, bilirubin, carboxy-hemoglobin, and glucose. Probe 300 may include a 
rigid casing 302 having a cavity 304 and casing butt 306, first light source 204, second light 
source 206 and wavelength sensor 202. Probe 300 is connected to calibration circuit 104, 
FIG. 1, via signal path 112. A material 308, FIG. 3, such as a finger may be inserted into 
the cavity 304. 

As an example, first light source 204 and second light source 206 may be two LED 
emitters that produce light radiation at a wavelength of approximately 660nm and 880nm, 
respectively. Wavelength sensor 202 is supported within the rigid casing 302 opposite first 
light source 204 and second light source 206. First light source 204 and second light source 
206 and wavelength sensor 202 may be in signal communication with a control cable (not 
shown). The control cable is in signal communication with an oximeter (not shown) via 
signal path 1 12. The oximeter determines the oxygen saturation of the blood in the material 
308 (in this example a finger) by measuring and processing the amount of incident light 
radiation reaching wavelength sensor 202 from a pulse of light radiation from first light 
source 204. 

In operation, the SCSS 100, FIG. 1, performs a self-calibration procedure prior to 
measuring any of the properties of the material 308, FIG. 3. This self-calibration procedure 
includes emitting a pulse of light radiation from the first light source 204 that is received as 
incident light radiation by wavelength sensor 202 prior to inserting material 308 into the 
cavity 304. The oximeter utilizes the measured incident light radiation received by 
wavelength sensor 202 to determine the operating wavelength of the first light source 204. 
Once the operating wavelength of the first light source 203 is known, the SCSS 100, FIG. 1, 
is utilized in combination- with the oximeter to accurately determine blood oxygen 
saturation of the material 308. 
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The self-calibration procedure is beneficial because it is appreciated by those skilled 
in the art that light radiation output by first light source 204 of 660nm in this example 
implementation is in the red spectral region. It is the absorption of this red light radiation 
that the oximeter utilizes to determine the oxygen saturation of the blood. As such, a 
relatively small variation in operating wavelength may results in inaccurate readings at the 
oximeter. As an example, without the self-calibration procedure, if the light radiation 
output by first light source 204 varied in excess of ± 2 nm from an operating wavelength 
required by the oximeter, the results would be inaccurate. 

FIG. 4A illustrates a cross-sectional view of another example implementation of 
probe 400. In this example, probe 400 may include a rigid or flexible casing 402 having a 
cavity 404, first light source 204, second light source 206 and wavelength sensor 202. 
Similar to the previous example implementation, probe 400 is connected to calibration 
circuit 104, FIG. 1, via signal path 112, however, probe 400, FIG. 4A, does not have a 
cavity butt. A material 406 may be inserted into the cavity 404. 

Similar to the previous example, first light source 204 and second light source 206 
- may be two LED emitters that produce light radiation at different wavelengths. Wavelength 
sensor 202 is supported within the rigid casing 402 opposite first light source 204 and 
second light source 206. First light source 204 and second light source 206 and wavelength 
sensor 202 may be in signal communication with a control cable (not shown). The control 
cable is in signal communication with a measuring device (not shown) via signal path 112. 
The measuring device determines the properties in the material 406 by measuring and 
processing the amount of incident light radiation reaching wavelength sensor 202 from a 
pulse of light radiation from first light source 204. 

As an industrial example, the material 406 may be a fluid, liquid or solid material 
that exhibits optical transmissive characteristics that may be measured and utilized to 
determine the properties of the material. An example implementation would include 
measuring the properties of the material for process or quality control purposes. 

Again in operation, the SCSS 100, FIG. 1, performs a self-calibration procedure 
prior to measuring any of the properties of the material 406, FIG. 4A. This self-calibration 
procedure includes emitting a pulse of light radiation from the first light source 204 that is 
received as incident light radiation by wavelength sensor 202 prior to inserting material 406 
into the cavity 404. The measuring device utilizes the measured incident light radiation 
received by wavelength sensor 202 to determine the operating wavelength of the first light 
source 204. Once the operating wavelength of the first light source 204 is known, the SCSS 
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100, FIG. 1, is utilized in combination with the measuring device to accurately determine 
the properties of the material 406. 

FIG. 4B illustrates a cross-sectional view of an example reflective implementation 
of probe 408. In this example, probe 408 may include a rigid or flexible casing 410 having 
a cavity 412, first light source 204, second light source 206 and wavelength sensor 202. 
Similar to the previous example implementation, probe 408 is connected to calibration 
circuit 104, FIG. 1, via signal path 112, however, probe 408, FIG. 4B, does not have a 
cavity butt. A material 412 may be inserted into the cavity 412. 

Similar to the previous example, first light source 204 and second light source 206 
may be two LED emitters that produce light radiation at different wavelengths. However, 
in this example, wavelength sensor 202 is supported within the rigid casing 410 adjacent to 
first light source 204 and second light source 206. First light source 204 and second light 
source 206 and wavelength sensor 202 may be in signal communication with a control cable 
(not shown). The control cable is in signal communication with a measuring device (not 
shown) via signal path 112. The measuring device determines the properties in the material 
412 by measuring and processing the amount of incident light radiation reflected by 
material 412 and reaching wavelength sensor 202 from a pulse of light radiation from first 
light source 204. 

Again, as an industrial example, the material 412 may be a fluid, liquid or solid 
material that exhibits optical transmissive characteristics that may be measured and utilized 
to determine the properties of the material. An example implementation would include 
measuring the properties of the material for process or quality control purposes. 

Again in operation, the SCSS 100, FIG. 1, performs a self-calibration procedure 
prior to measuring any of the properties of the material 412, FIG. 4B. This self-calibration 
procedure includes emitting a pulse of light radiation from the first light source 204 that is 
reflected by flexible casing 410 and later received as incident light radiation by wavelength 
sensor 202 prior to inserting material 412 into the cavity 410. The measuring device 
utilizes the measured incident light radiation received by wavelength sensor 202 to 
determine the operating wavelength of the first light source 204. Once the operating 
wavelength of the first light source 204 is known, the SCSS 100, FIG. 1, is utilized in 
combination with the measuring device to accurately determine the properties of the 
material 412. 

It is appreciated by of skill in the art that it is possible to generate signals from the 

wavelength sensor 202, FIG. 2 during operation of the light sources 204 and 206 through 
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the medium (i.e., material 308, FIG. 3, 406, FIG. 4A, and/or 414, FIG. 4B) being inspected. 

It is also possible to generate the same signals using light reflected off the medium. 

Therefore, it is not necessary to couple the light sources 204, FIG. 2 and 206 directly to the 

wavelength sensor 202 as long as the medium either transmits or reflects enough light to 

generate processable signals from the wavelength sensor 202. 

In FIG. 5, a top view of an example medical implementation of probe 500 having a 
flexible casing (i.e., flexible strip) 502 is shown. Probe 500 may include first light source 
204, second light source 206 and wavelength sensor 202. In this example implementation, 
probe 500 is a blood oxygen saturation and pulse rate sensor that utilizes the flexible strip 
502 to attach to a material, such as a body part (not shown). The probe 500 is connected to 
an oximeter (not shown) via signal path 112. The flexible strip 502 may be wrapped around 
the body part and affixed to itself via an attachment strip (such as an adhesive strip) 504. 
Example body parts would include a finger, toe, ear-lobe, arm, leg or other similar parts. 

As an example, first light source 204 and second light source 206 may be two LED 
emitters that produce light radiation at a wavelength of approximately 660nm and 880nm, 
respectively. Wavelength sensor 202 is supported within the flexible strip 502 and placed 
opposite first light source 204 and second light source 206 when the flexible strip 502 is 
wrapped around a body part. First light source 204 and second light source 206 and 
wavelength sensor 202 may be in signal communication with a control cable (not shown). 
The control cable is in signal communication with an oximeter (not shown) via signal path 
112. The oximeter determines the oxygen saturation of the blood in the body part by 
measuring and processing the amount of incident light radiation reaching wavelength sensor 
202 from a pulse of light radiation from first light source 204. 

As before, in operation, the SCSS 100, FIG. 1, performs a self-calibration procedure 
prior to measuring any of the properties of the body part. This self-calibration procedure 
includes, prior to wrapping flexible strip 502 around the body part, bending the flexible strip 
502 so that the first light source 204 and second light source 206 are opposite in special 
orientation to wavelength sensor 202 and then emitting a pulse of light radiation from the 
first light source 204 that is received as incident light radiation by wavelength sensor 202. 
The oximeter utilizes the measured incident light radiation received by wavelength sensor 
202 to determine the operating wavelength of the first light source 204. Once the operating 
wavelength of the first light source 204 is known, placed around a body part and the 
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wavelength sensor 202 measures the incident light radiation emitted by the first light source 
204 and passing through the blood flowing within the body part. The SCSS 100, FIG. 1, is 
then utilized in combination with the oximeter to accurately determine blood oxygen 
saturation of the body part. In FIG. 6, a cross-sectional view of the probe 500 is shown in a 
wrap type position. 

In FIG. 7, an example implementation of the probe 700 is shown utilizing 
photodiodes. Similar to FIG. 2, Probe 700, FIG. 7, includes probe light source 702 and 
wavelength sensor 704. Probe light source 702 includes first light source 706 and second 
light source 708. First light source 706 may include LED 710 and second light source may 
include LED 712. Wavelength sensor 704 is a double diffusion photodiode. 

As an example of operation, LED 710 and LED 712 may have their cathodes 
grounded in common at signal path 714 and may emit light radiation 716 at wavelengths 
660nm and 880nm, respectively, when a voltage is applied at anodes 718 and 720, 
respectively. The emitted light radiation 716 is incident on material 722. A part of the _ 
emitted light radiation 716 is transmitted through material 722 and is received as incident 
light radiation 724 by wavelength sensor 704. As before, in order to properly measure the 
properties of the material 722 from the received incident light radiation 724, the SCSS 100, 
FIG. 1 performs a self-calibration procedure. 

The SCSS 100, FIG. 1, performs a self-calibration procedure prior to measuring any 
of the properties of the material 722. This self-calibration procedure includes emitting a 
pulse of light radiation 716 from LED 710 that is received as incident light radiation 724 by 
wavelength sensor 704 prior to inserting material 722 between the probe light source 702 
and wavelength sensor 704. The oximeter utilizes the measured incident light radiation 724 
received by wavelength sensor 704 to determine the operating wavelength of LED 710. 
Once the operating wavelength of LED 710 is known, the SCSS 100, FIG. 1, is utilized in 
combination with the oximeter to accurately determine blood oxygen saturation of the 
material 722. 

FIG. 8 illustrates a cross-sectional view of the wavelength sensor 704 receiving 
incident light radiation 724 utilizing a double diffusion photodiode (also known as a double 
junction photodiode). Photodiodes with double diffusion are typically utilized to accurately 
measure the centroid wavelength of light sources such as LEDs 710 and 712. Double 
diffusion photodiodes are processed with two junctions, one on the top surface and one on 
the back surface of a semiconductor photodiode (such as a Si-photodiode), each junction 
typically exhibits a different and well-defined spectral response. As result, by measuring 
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the quotient of signals generated by the two junctions, the centroid wavelength of any given 
monochromatic light source may be determined. 

The wavelength sensor 704 has two p-n junctions constructed vertically on a 
common silicon substrate. The wavelength sensor 704 includes a first anode 800, common 
cathode 802, first diode 804 (also known as an upper diode), second diode 806 (also known 
as a lower diode), second anode 808, and a thin active region 810. The first anode 800 is 
positioned on the top surface above the common cathode 802 forming the first diode 804. 
The thickness of the first diode 804 is chosen so that the energy of the shortest wavelength 
being measured from the incident light radiation 724 is absorbed entirely therein. The 
second diode 806 is formed between the common cathode 802 and the second anode 808 
that placed on the bottom surface with the thin active region 810 between the common 
cathode 802 and the second anode 808. The thickness of the thin active region 810 is 
selected to allow for absorption of substantially all of the longest measured wavelength of 
incident light radiation 724. 

FIG. 9 illustrates a typical plot 900 of the spectral response of the wavelength sensor 
704, FIG. 8. The plot 900, FIG. 9, has a vertical axes 902 representing relative response, in 
percentage, of the wavelength sensor 704, FIG. 8, and a horizontal axis 904, FIG. 9, 
representing the wavelength of the incident light radiation 724, FIG. 8. The plot 900, FIG. 
9, shows two response curves 906 and 908 representing the relative response versus 
wavelength for the first diode 804, FIG. 8, and the second diode 806, respectively. 

As an example of operation of the wavelength sensor 704, the first diode 804 may 
have an enhanced blue response and the second diode 806 may have an enhanced red 
response. In this example, the absorbed radiation of the incident light radiation 724 
between the red and blue responses (such as between 450 and 900 nm) generates two 
photocurrent signals proportional to the wavelength of the incident light radiation 724. The 
quotient of these photocurrent signals is independent of the light level up to the saturation 
point of the wavelength sensor 704. Utilizing this example, the wavelength of either 
monochromatic incident light radiation 724 or the spectral density peak of polychromatic 
incident light radiation 724 may be determined. An example of the wavelength sensor 704 
may be a PSS WS-7.56 wavelength sensor produced by Pacific Silicon Sensor, Inc. of 
Westlake Village, California. 

In FIG. 10, a schematic diagram depicting an exemplary implementation of the 
calibration circuit 1000 is shown. The calibration circuit 1000 is in signal communication 
with the probe 1002 and controller 106, FIG. 1, via signal paths 1 12 and 1 14, respectively. 
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The calibration circuit 1000 may include a pair of amplifiers 1004 and 1006 (such as log 
amplifiers) in signal communication with first anode 800 3 FIG. 8 and second anode 808 of 
wavelength sensor 1008, FIG. 10, and a differential amplifier 1010, via signal paths 1010, 
1012 and 1014, respectively. The differential amplifier 1008 is in signal communication 
with the controller 106, FIG. 1, via signal path 1 12. 

In operation, the wavelength sensor 1004 produces two photocurrent signals from 
the two junctions (i.e., photodiodes 804 and 806) in the double diffusion photodiode. Each 
junction in the wavelength sensor 1004 exhibits a different and well-defined spectral 
response, which is know to the controller 106, FIG. 1, and the magnitude of these two 
resulting photocurrent signals are proportional to the wavelength of the measured incident 
light radiation 724, which corresponds to one of the light sources (either 204 or 206, FIG. 2) 
in probe 1002, FIG. 10. The photocurrent signals are amplified by amplifiers 1004 and 
1006 via signal paths 1010 and 1012, respectively, and input into the differential amplifier 
1008 via signal path 1018 and 1020. If the amplified photocurrent signals 1018 and 1020 
are approximately equal the corresponding differential output signal 1022 of the differential 
amplifier 1008 is almost equal to zero. Once the differential output signal 1022 is almost 
equal to zero the wavelength of the incident light radiation is determined and the SCSS 100, 
FIG. 1, is calibrated. 

When the amplified photocurrent signals 1018 and 1020 are not approximately equal 
the corresponding differential output signal 1022 will vary according to the difference in 
magnitude value between the amplified photocurrent signals 1018 and 1020. The 
differential output signal 1022 is the utilized as a reference by the controller 106, FIG. 1. 
The controller 106 determines the wavelength of the incident light radiation 724 by 
knowing the spectral response of the photodiodes 804 and 806, FIG. 8. The controller 106 
either . determines the wavelength of the incident light radiation 724 utilizing software 108 or 
other hardware (not shown) located in the SCSS 100. The software 108 may include logic 
that allows the controller 106 to calculate the wavelength values in real-time from the 
measure values received from the wavelength sensor 1004. 

Alternatively, the controller 106 may determine the wavelength of the incident light 
radiation 724 utilizing the lookup ("LUT") table 110. The LUT 110 may be resident in 
memory (not shown) resident either internally or externally to the controller 106. The LUT 
110 includes a tabulation of known spectral response in voltage versus wavelength for each 
photodiode 804 and 806, FIG. 8. Once the controller 106 measures the differential output 
signal 1022, FIG. 10, the software 108, FIG.l, compares the value of the differential output 
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signal 1022, FIG. 10, against values stored in the LUT 110, FIG. 1, and then retrieves a 
corresponding wavelength value. The controller 106 then utilizes the retrieved wavelength 
wave to self-calibrate the SCSS 100. 

Besides self-calibration, the SCSS 100 is also capable of temperature compensating 
for variation in the wavelength of the incident light radiation 724 due to temperature 
variations. The SCSS 100 may compensate for temperature variations by the same process 
utilized to self-calibrate. 

FIG. 11 is another exemplary implementation of the SCSS 100, FIG. 1, with the 
calibration circuit 1 100, FIG. 11, in an oximeter device 1 102. The oximeter device 1102 is 
in signal communication with probe 1104, via signal path 112, and includes calibration 
circuit 1100, controller 1106, first driver 1108 and second driver 1110. The probe 1104 
includes wavelength sensor 1112 and probe light source 1114 having first light source 1116 
and second light source 1118. 

In operation, the first driver 1108 drives the first light source 1116 and the second 
driver 1110 drives the second light source 1118. First light source 1116 and the second 
light source 1118 may individually produce light radiation which is incident of the 
wavelength sensor 1112. The wavelength sensor 1112 produces two photocurrent signals 
from the two junctions (i.e., photodiodes 804 and 806) in the double diffusion photodiode. 
Again, each junction in the wavelength sensor 1112 exhibits a different and well-defined 
spectral response, which is know to the controller 1106 and the magnitude of these two 
resulting photocurrent signals are proportional to the wavelength of the measured incident 
light radiation, which corresponds to one of the light sources (either 1116 or 1118) in probe 
1104. The photocurrent signals 1120 and 1122 processed and input into the differential 
amplifier 1224. If the photocurrent signals 1120 and 1122 are approximately equal the 
corresponding differential output signal 1126 of the differential amplifier 1124 is almost 
equal to zero. Once the differential output signal 1126 is almost equal to zero the 
wavelength of the incident light radiation is determined and the SCSS 100, FIG. 1, is 
calibrated. 

When the photocurrent signals 1120 and 1122 are not approximately equal the 
corresponding differential output signal 1126 will vary according to the difference in 
magnitude value between the photocurrent signals 1120 and 1122. The differential output 
signal 1126 is the utilized as a reference by the controller 1106. The controller 1106 
determines the wavelength of the incident light radiation by knowing the spectral response 
of the photodiodes 804 and 806. The controller 1106 either determines the wavelength of 
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the incident light radiation utilizing software 108, FIG. 1, or other hardware (not shown) 
located in the SCSS 100. The software 108 may include logic that allows the controller 
1106, FIG. 11, to calculate the wavelength values in real-time from the measure values 
received from the wavelength sensor 1112. 

Alternatively, the controller 1106 may determine the wavelength of the incident 
light radiation utilizing the lookup LUT 110, FIG. 1. The LUT 110 may be resident in 
memory (not shown) resident either internally or externally to the controller 1 106, FIG. 11. 
The LUT 110, FIG. 1, includes the tabulation of known spectral response in voltage versus 
wavelength for each photodiode 804 and 806. Once the controller 1106 measures the 
differential output signal 1126, FIG. 11, the software 108, FIG.l, compares the value of the 
differential output signal 1126, FIG. 11, against values stored in the LUT 110, FIG. 1, and 
then retrieves a corresponding wavelength value. The controller 1 106, FIG. 11, then utilizes 
the retrieved wavelength wave to self-calibrate the SCSS 100, FIG. 1. 

FIG. 12 illustrates the process performed by the SCSS 100, FIG. 1. The process 
begins in step 1200, FIG. 12. In step 1202, the wavelength sensor 202, FIG. 2, receives 
incident light radiation 200 from the probe light source 200. Within the wavelength sensor 
202, the first diode 804, FIG. 8, receives short wavelengths from the incident light radiation 
200, in step 1204, FIG. 12, and the second diode 806, FIG. 8, receives long wavelengths 
from the incident light radiation 200 in step i206, FIG. 12. In step 1208, the first diode 804 
produces a first photocurrent signal 1010, FIG. 10, in response to receiving short 
wavelengths from the incident light radiation 200 and the second diode 806 produces a 
second photocurrent signal 1012, FIG. 10, in response to receiving short wavelengths from 
the incident light radiation 200 in step 1210, FIG. 12. Finally, in step 1212, the calibration 
circuit 104 and/or controller 106, FIG. 1, determine the wavelenjgth of the incident light 
radiation 200 by comparing the first photocurrent signal 1010 to the second photocurrent 
signal 1012. The process then ends in step 1214. 

The SCSS 100 may be selectively implemented in software, hardware, or a 
combination of hardware and software. For example, the elements of the SCSS 1 00 may be 
implemented in software 108 stored in a memory (not shown) located in a controller 106. 
The controller 106 may be in signal communication with a DSP or ASIC chip via 
communication link 112 (which may selectively be a system bus). The software 108 
configures and drives the DSP or ASIC chip and performs the steps illustrated in FIG. 12. 

The software 108 comprises an ordered listing of executable instructions for 
implementing logical functions. The software 108 may be embodied in any computer- 
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readable medium for use by or in connection with an instruction execution system, 
apparatus, or device, such as a computer-based system, processor-containing system, or 
other system that may selectively fetch the instructions from the instruction execution 
system, apparatus, or device and execute the instructions. In the context of this document, a 
"computer-readable medium" is any means that may contain, store, communicate, 
propagate, or transport the program for use by or in connection with the instruction 
execution system, apparatus, or device. The computer readable medium may be for 
example, but not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or 
semiconductor system, apparatus, device, or propagation medium. More specific examples 
(a non-exhaustive list) of the computer-readable medium would include the following: an 
electrical connection (electronic) having one or more wires, a portable computer diskette 
(magnetic), a RAM (electronic), a read-only memory (ROM) (electronic), an erasable 
programmable read-only memory (EPROM or Flash memory) (electronic), an optical fiber 
(optical), and a portable compact disc read-only memory (CDROM) (optical). Note that the 
computer-readable medium may even be paper or another suitable medium upon which the 
program is printed, as the program can be electronically captured, via for instance optical 
scanning of the paper or other medium, then compiled, interpreted or otherwise processed in 
a suitable manner if necessary, and then stored in a computer memory. 

While various implementations of the application have been described, it will be 
apparent to those of ordinary skill in the art that many more embodiments and 
implementations are possible that are within the scope of the invention. Accordingly, the 
invention is not to be restricted except in light of the attached claims and their equivalents. 
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Claims 

What is claimed is: 

1. A self-calibrating sensor system having at least one light source, the self- 
calibrating sensor system comprising: 

a probe receiving incident light radiation from the at least one light source; and 

a calibration circuit in signal communication with the s probe, the calibration circuit 

producing a calibrated signal corresponding to the received incident light radiation at the 

probe. 

2. The self-calibrating sensor system of claim 1, further including a controller 
in signal communication with the calibration circuit. 

3. The self-calibrating sensor system of claim 2, wherein the controller is a 
processor. 

4. The self-calibrating sensor system of claim 2, wherein the probe includes a 
wavelength sensor. 

5. The self-calibrating sensor system of claim 4, wherein the wavelength sensor 
includes 

a first diode configured to receive short wavelengths from the incident light 
radiation and produce a first photocurrent signal; and 

a second diode configured to receive long wavelengths from the incident light 
radiation and produce a second photocurrent signal. 

6. The self-calibrating sensor system of claim 5, wherein the probe further 
includes a probe output circuit in signal communication with the calibration circuit, the 
probe output circuit producing a known sensor probe output signal when the first 
photocurrent signal and second photocurrent signal are approximately equal in magnitude. 

7. The self-calibrating sensor system of claim 6, wherein the probe output 
circuit is a differential amplifier. 

8. The self-calibrating sensor system of claim 6, further including software that 
operates on the controller. 

9. The self-calibrating sensor system of claim 6, wherein the software is 
capable of determining the wavelength of the incident light radiation. 

10. The self-calibrating sensor system of claim 9, wherein the software is 
capable of compensating for wavelength variation of the incident light radiation caused by 
changes in temperature. 

15 



< WO 02 1 4793 A2_L> 



WO 02/14793 PCT/US01/25109 

11. The self-calibrating sensor system of claim 6, further including a look-up 
table in signal communication with the controller. 

12. The self-calibrating sensor system of claim 4, wherein the wavelength sensor 
is located opposite the at least one light source. 

13. The self-calibrating sensor system of claim 4, wherein the wavelength sensor 
is located adjacent the at least one light source. 

14. A self-calibrating sensor system having at least one light source, the self- 
calibrating sensor system comprising: 

first means for receiving incident light radiation from the light source; and 
means for producing a calibrated signal corresponding to the received incident light 
radiation at the sensor probe. 

15. The self-calibrating sensor system of claim 14, further including a means for 
controlling the calibration circuit. 

16. The self-calibrating sensor system of claim 15, wherein the controlling 
means is a processor. 

17. The self-calibrating sensor system of claim 15, wherein the receiving means 
includes a means for sensing the wavelength of the incident light radiation. 

18. The self-calibrating sensor system of claim 17, wherein the wavelength 
sensing means includes 

second means for receiving short wavelengths from the incident light radiation and 
producing a first photocurrent signal; and 

third means for receiving long wavelengths from the incident light radiation and 
producing a second photocurrent signal. 

19. The self-calibrating sensor system of claim 18, wherein the first receiving 
means further includes a second means for producing a known sensor probe output signal 
when the first photocurrent signal and second photocurrent signal are approximately equal 
in magnitude. 

20. The self-calibrating sensor system of claim 19, wherein the second producing 
means is a differential amplifier. 

21. The self-calibrating sensor system of claim 19, further including software 
that operates on the controlling means. 

22. The self-calibrating sensor system of claim 19, wherein the software is 
capable of determining the wavelength of the incident light radiation. 
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23. The self-calibrating sensor system of claim 22, wherein the software is 
capable of compensating for wavelength variation of the incident light radiation caused by 
changes in temperature. 

24. The self-calibrating sensor system of claim 19, further including a look-up 
table in signal communication with the controlling means. 

25. The self-calibrating sensor system of claim 14, wherein the sensor probe is 
located opposite the at least one light source. 

26. The self-calibrating sensor system of claim 14, wherein the sensor probe is 
located adjacent the at least one light source. 

27. A method for self-calibrating a sensor system having at least one light 
source, the method comprising: 

receiving incident light radiation from the at least one light source at a probe; and 
producing a calibrated signal corresponding to the received incident light radiation at 
the probe. 

28. The method of claim 27, wherein receiving further includes receiving the 
incident light radiation at a wavelength sensor. 

29. The method of claim 28, wherein receiving the incident light radiation at a 
wavelength sensor further includes: 

receiving short wavelengths from the incident light radiation at a first diode; and 
receiving long wavelengths from the incident light radiation at a second diode; 

30. The method of claim 29, further including: 

producing a first photocurrent signal from the first diode in response to receiving 
short wavelengths from the incident light radiation; and 

producing a second photocurrent signal from the second diode in response to 
receiving short wavelengths from the incident light radiation. 

31. The method of claim 30, wherein producing further includes determining the 
wavelength of the incident light radiation comparing the first photocurrent signal to the 
second photocurrent signal. 

32. The method of claim 31, wherein comparing further includes determining 
whether the first photocurrent signal and second photocurrent signal are approximately 
equal in magnitude. 

33. The method of claim 31, wherein producing further includes compensating 
the determined wavelength of the incident light radiation for temperature variation. 
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34. A computer-readable medium for self-calibrating a sensor system having at 
least one light source, the computer-readable medium comprising: 

logic configured for receiving incident light radiation from the at least one light 
source at a probe; and 

logic configured for producing a calibrated signal corresponding to the received 
incident light radiation at the probe. 

35. The computer-readable medium of claim 34, wherein the receiving logic 
further includes: 

logic configured for receiving short wavelengths from the incident light radiation at 
a first diode; and 

logic configured for receiving long wavelengths from the incident light radiation at a 
second diode; 

36. The computer-readable medium of claim 35, further including: 

logic configured for producing a first photocurrent signal from the first diode in 
response to receiving short wavelengths from the incident light radiation; and 

logic configured for producing a second photocurrent signal from the second diode 
in response to receiving short wavelengths from the incident light radiation. 

37. The computer-readable medium of claim 36, wherein the producing logic 
further includes logic configured for determining the wavelength of the incident light 
radiation comparing the first photocurrent signal to the second photocurrent signal. 

38. The computer-readable medium of claim 37, wherein the comparing logic 
further includes logic configured for determining whether the first photocurrent signal and 
second photocurrent signal are approximately equal in magnitude. 

39. The computer-readable medium of claim 38, wherein the producing logic 
further includes logic configured for compensating the determined wavelength of the 
incident light radiation for temperature variation. 
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